Micro- and nanostructures of materials have impressive footprint on the continued development of materials science[@b1][@b2][@b3][@b4][@b5][@b6][@b7][@b8][@b9]. The shape and the size of these micro/nanostructures precisely lie at the heart of the physical and chemical properties of the functional micro/nanomaterials[@b10][@b11][@b12][@b13][@b14][@b15][@b16]. In recent decades, tremendous efforts have been made towards the development of synthetic procedures for inorganic compounds, such as Ag, Pd, and ZnO[@b17][@b18][@b19]. The Ag nanocrystals with controlled shape contributes to a distinguished discovery of shape- and size-dependent plasmon resonance[@b20][@b21][@b22]. More significantly, EI-Sayed M. A. and coworkers demonstrated that Pt nanoparticles of different shapes have different facets, which could be the reason causes different catalytic activities for the same chemical reaction[@b23]. As compared with inorganic counterparts, organic materials exhibit several inherent advantages, such as compatibility with plastic substrates, tunable optical properties, amenability to low-cost, and low-temperature processing[@b24]. Thus in recent years, organic single micro/nanocrystals has witnessed prosperous progress in the organic optoelectronic applications[@b25][@b26][@b27][@b28]. Noted that organic/inorganic structures with micro-/nanoscale could provide the microresonator for the fundamental investigation of light-matter interaction[@b16], and contribute to the development of integrated photonic devices such as laser sources, optical waveguide, nonlinear optics, and optical switches[@b29][@b30][@b31]. Among them, the laser only operates within the microresonator, which is formed by the facets of microcrystals with regular shapes[@b32][@b33].

However, controlled synthesis of organic microcrystal with regular shape has not been fully realized. Organic micro- and nanostructures fabricated from organic molecules are based on the intermolecular interaction like van der Waals\' force, *ca*. 5 kJ/mol. It is different from the strong bonding interaction, such as ionic bonding, *ca*. 200 kJ/mol, within the inorganic crystals. Thus the outer environment including the kinds of solvents, temperature, solution concentration, and surfactants could easily affect the nucleation of organic micro-/nanocrystals[@b34][@b35]. These influencing factors are so numerous and sophisticated that the aim of organic micro-/nanostructures with controlled shape is not easy to reach. Despite several groups reporting the synthetic procedure for organic micro-/nanostructures with controlled shape[@b36][@b37][@b38][@b39], the shape-engineering of organic micro/nanocrystals is highly desirable[@b36].

In this paper, we demonstrate the controlled fabrication of one-dimensional microwires (1D-MWs) and 2D microdisks (2D-MDs) as the different kinds of optical microcavities for laser applications. In our study, the self-assembly of organic π-conjugated molecule 3-\[4-(dimethylamino)phenyl\]-1-(2-hy-droxyphenyl)prop-2-en-1-one (HDMAC) into 1D-MWs and 2D-MDs have been selectively prepared by modulating the kinetic processes of crystal growth. We realize shape-engineering of HDMAC microcrystals through selectively adhering to the growth \[002\] crystal plane by hydrogen-bonding interaction with protic solvents molecules. Further, single-particle spectroscopy indeed clarifies that these as-prepared 1D-MWs and 2D-MDs show shape-dependent optical resonator properties: 1D-MWs act as Fabry-Pérot (FP) mode resonators while 2D-MDs function as whispering-gallery-mode (WGM) resonators for laser applications. More importantly, we found that the shape and the size of these self-assembled HDMAC single crystalline microstructures could modulate the behaviors of the laser devices. These easily fabricated organic single-crystalline microcrystals can behave as the optical resonators for laser applications, which contribute to the miniaturization of optics circuits at micro/nanoscale.

Results
=======

The self-assembly of HDMAC microstructures
------------------------------------------

We firstly simulated the growth shape of HDMAC crystal based on attachment energies using Materials Studio package[@b40]. From the simulation results, the growth morphology of HDMAC molecules is predicted as 2D disk-like structure, as shown in [Fig. 1a](#f1){ref-type="fig"}. In our experiments, a facile solution drop-drying method was applied to fabricate the microstructures of small organic molecule 3-\[4-(dimethylamino)phenyl\]-1-(2-hy-droxyphenyl)prop-2-en-1-one (HDMAC). In a typical synthesis, HDMAC was completely dissolved in solvent at room temperature, and then the solution was dropped onto the quartz substrate. With the solvents evaporating, microcrystals were obtained finally. Interestingly, we found that the shape of as-prepared microcrystals depends sensitively on different solvents: protic solvents and aprotic solvents. That is: one-dimensional HDMAC microwires (1D-MWs) were obtained by choosing the protic solvents such as C~2~H~5~OH, CH~3~OH, and *i*-C~3~H~7~OH; Meanwhile the 2D HDMAC microdisks (2D-MDs) were prepared by choosing the aprotic solvents such as CH~2~Cl~2~, CHCl~3~, *n*-C~6~H~14~, and CS~2~. [Figure 1b](#f1){ref-type="fig"} shows a typical scanning electron microscopy (SEM) image of the as-prepared HDMAC 1D-MWs with regular shapes. SEM and atomic force microscope (AFM) measurements of these as-prepared 1D-MWs disclosed that the 1D-MWs have the length (*l*) of 10 \~ 30 μm, the width (*w*) around 1 μm, and the height (*h*) around 500 nm ([Supplementary Fig. S1a](#s1){ref-type="supplementary-material"}). Meanwhile [Figure 1c](#f1){ref-type="fig"} presents the SEM image of as-prepared HDMAC 2D-MDs, which has regular rectangular shapes and smooth faces. Combined with the AFM measurements together ([Supplementary Fig. S1b](#s1){ref-type="supplementary-material"}), these 2D-MDs have the edge width (*w*~1~ or *w*~2~) ranging from 2 μm to 10 μm, and the average height (*h*) of 600 nm. Based on the above structure-characterizations of these two kinds of the as-prepared microcrystals, it is concluded that the self-assembled 1D-MWs and 2D-MDs could be prepared respectively by just adjusting the kinds of solvents (protic solvents and aprotic solvents) in the process of crystal growth.

More impressively, [Figure 1d](#f1){ref-type="fig"} shows that these as-prepared 1D-MWs exhibit strong red photoluminescence (PL) under the excitation of un-focused UV light (330--380 nm), with typical features of an active optical waveguide, such as brighter PL spots at the two tips and weaker PL from the bodies. This suggests that the 1D-MWs are able to absorb the excitation UV light and propagate the PL along the 1D direction, leading to bright tips when PL exits the 1D-MWs. In sharp contrast, the PL image of 2D-MDs shows bright PL at the four edges of microdisks and little PL from the bodies ([Fig. 1e](#f1){ref-type="fig"}). This indicates that the 2D-MDs can circulate the PL inside its 2D microresonator and possess obvious advantage over 1D-MWs in light-confinement. Significantly, these behaviors of PL images indicate that these self-assembled 1D-MWs and 2D-MDs could simultaneously work as active media of fluorescence emission and optical microresonators with regular shapes[@b32].

Mechanism for the shape-engineering of HDMAC microcrystals
----------------------------------------------------------

To investigate the molecular packing mode of HDMAC molecules within 1D-MWs and 2D-MDs, selected area electron diffraction (SAED) and X-ray diffraction (XRD) measurements were carried out. The transmission electron microscopy (TEM) images of individual 1D-MW and 2D-MD are respectively shown in [Fig. 2a and 2b](#f2){ref-type="fig"}. And the insets of [Fig. 2a and 2b](#f2){ref-type="fig"} depict the selected area electron diffraction (SAED) pattern, recorded by directing the electron beam perpendicular to the corresponding individual lying microwire and microdisk, respectively. On the basis of the monoclinic single-crystal data of HDMAC, both 1D-MWs and 2D-MDs belong to the cell parameters of *a* = 12.1194(14) Å, *b* = 10.2869(8) Å, *c* = 12.5048(16) Å, *α* = *γ* = 90°, *β* = 115.864(8)°[@b41]. Further analysis of SAED pattern in the inset of [Fig. 2a](#f2){ref-type="fig"}, the circled SAED spot corresponds to (010) crystal plane with a *d*-spacing value of 10.3 Å. It indicates that 1D-MWs preferentially grow along the crystal \[010\] direction. In contrast to the 1D-MW, the 2D-MD shows 2D-growth direction. In the inset of [Fig. 2b](#f2){ref-type="fig"}, the triangled sets of SAED spots are ascribed to reflections from (002) crystal planes with a *d*-spacing value of 6.3 Å, while the circled set of SAED spots is due to (010) crystal planes with a *d*-spacing value of 10.2 Å. Additional X-ray diffraction pattern ([supplementary Fig. S2](#s1){ref-type="supplementary-material"}) has validated the formation of single-crystalline 1D wires and 2D disks with only a sequence of peaks corresponding to the (100) crystal planes, while other peaks observable in the powder pattern (black curve) are not detected. This indicates the relative abundance of (100) facets on the surfaces of 1D-MWs and 2D-MDs facets. We can conclude that single crystalline 1D-MWs preferentially grow along the \[010\] direction while single crystalline 2D-MDs grow along the two directions: \[010\] and \[002\] crystal directions.

Returning to the predicted growth morphology ([Fig. 1a](#f1){ref-type="fig"}), the corresponding calculated attachment *E*~att~ (*hkl*) of various crystal faces (*hkl*) follows the order: *E*~att~ (002) ≈ *E*~att~ (010) \> *E*~att~ (110) ≈ *E*~att~ (011) \> *E*~att~ (100) ([Supplementary Table S1](#s1){ref-type="supplementary-material"}). Correspondingly, \[002\] and \[010\] are the two prominent HDMAC crystal growth directions ignoring the solvent-effect. Further insight into the molecular packing mode along these two crystal directions, we can find that the OH-groups of HDMAC molecules are outward-packing on the (002) crystal plane, which will interact with the protic solvent molecules, such as C~2~H~5~OH, due to the formation of hydrogen-bonding as shown in [Fig. 2c](#f2){ref-type="fig"}. Moreover, the optimized structure of the HDMAC-C~2~H~5~OH complex indicates that hydrogen-bonding interaction does exist between the HDMAC molecule and the C~2~H~5~OH molecule ([Supplementary Fig. S3](#s1){ref-type="supplementary-material"}). This suggests that the protic molecules selectively "protect" the crystal plane (002) of HDMAC crystal, which impedes the growth of the \[002\] direction in the process of crystal growth. Therefore, by choosing the protic solvents like C~2~H~5~OH, the \[010\] crystal direction becomes the unique growth direction. Thus, the 1D-MDs are the dominated crystal morphology in protic solvents. In sharp contrast, 2D-MDs were obtained in aprotic solvents like CH~2~Cl~2~. The crystal plane (002) and (010) are both "free" in aprotic solvents. In this case, the directions \[010\] and \[002\] are the two prominent growth crystal directions indicated by the attachment energy *E*~att~ (*hkl*) order (*E*~att~ (002) ≈ *E*~att~ (010)) of various crystal planes. This explains that the obtained microcrystal is similar with the calculated growth morphology of 2D disk-like structure. In a short conclusion, controlled synthetic procedures of HDMAC 1D-MWs and 2D-MDs have been developed by easily choosing different kinds of solvents to control the growth kinetic of morphology growth.

The photophysical properties of HDMAC microstructures
-----------------------------------------------------

Note that HDMAC belongs to a typical intramolecular charge-transfer (ICT) compound, as indicated by the obvious change of electric-cloud distribution between the Highest Occupied Molecular Orbital (HOMO) and the Lowest Unoccupied Molecular Orbital (LUMO) of the HDMAC molecule by the DFT caculation (right inset of [Fig. 3b](#f3){ref-type="fig"}). Due to the photophysical properties of the ICT excited state, the photoluminescence (PL) emission spectrum (red line in [Fig. 3a](#f3){ref-type="fig"}) of the HDMAC crystals shows the central emission around 650 nm with no fine electronic-phonon coupling structures. Further analysis of the absorption (blue line in [Fig. 3a](#f3){ref-type="fig"}) and the emission spectra (red line in [Fig. 3a](#f3){ref-type="fig"}), we can find that the HDMAC crystal has a large stokes shift around 110 nm. This large shift contributes to the reduction of self-absorption effect in the optical materials[@b42]. More importantly, the HDMAC single crystal has excellent optical properties with solid quantum yield *Φ* of 30 ± 0.5% and the efficient radiate decay rate *k*~f~ = 0.27 ± 0.1 ns^−1^ according to the equation, *k*~f~ = *Φ*/*τ* (*τ* = 1.12 ± 0.03 ns, as shown in [Fig. 3b](#f3){ref-type="fig"})[@b43]. These outstanding optical properties hold a promise that the HDMAC could be a candidate active media for the laser action.

1D microwire FP-mode laser microresonator
-----------------------------------------

In order to investigate the optical microresonator effect of these microcrystals, we characterized isolated single-particle spectroscopy using a home-made optical microscope equipped with a 50 × 0.9 NA objective ([Supplementary Fig. S4](#s1){ref-type="supplementary-material"}). The second harmonic (*λ* = 400 nm, pulse width 150 fs) of a 1 KHz Ti:sapphire regenerative amplifier was amplified to a 50 μm diameter spot to uniformly excite the selected isolated microcrystal on a 2D movable table. Spatially resolved PL spectra were collected underneath by using a 3D-movable objective coupled to an optical fiber and detected using a liquid-nitrogen cooled charge-coupled device (CCD). Room temperature lasing oscillator was achieved in the individual 1D-MW by increasing the pump density of the optical excitation. [Figure 4a](#f4){ref-type="fig"} shows the emission spectra at different pump densities obtained from one sample microwire with the length *l* = 25.9 μm. When the pump density exceeds a threshold *E*~th~ of 1.05 μJ/cm^2^, strong laser emission emerges as a set of sharp peaks around 650 nm. And the full-width-half-maximum (FWHM) of the central resonance peak around 650 nm versus the pump density is plotted ([Supplementary Fig. S5](#s1){ref-type="supplementary-material"}). The FWHM has a nearly constant value of about 10 nm at low pump density, and abruptly narrows to the small value of 0.5 nm at high pump density. The abrupt decrease of line-width and the small FWHM value of 0.5 nm comfrim the lasing action within our as-prepared 1D-MWs resonators[@b3]. And the right inset of [Fig. 4a](#f4){ref-type="fig"} shows the integrated intensities of emission as a function of pump density. The intensity dependence is fitted to power law *x*^p^ and *p* = 0.48 below threshold, assigned to a sublinear regime where bimolecular quenching (exciton-exciton annihilation) dominates[@b44], and *p* = 2.41 above the threshold ascribed to superlinear regime are achieved. Moreover, the *μ*-PL images of the selected 1D-MW were recorded below and above the laser threshold, as shown in the [Fig. 4b and 4c](#f4){ref-type="fig"}, respectively. Further insight into these two images, the *μ*-PL image below threshold only shows weak PL on the two facets along the length of the microwire. Meanwhile two strong red impressive spots emerge on the two tails of the microwire above the lasing threshold. This indicates that these two facets of microwire function as two reflective planes, which is a characteristic of FP-mode optical microresonator. Thus the emitted PL light forms a standing wave inside this kind of FP-mode microresonator (top inset of [Fig. 4d](#f4){ref-type="fig"}).

To further confirm this FP-mode of 1D-MW laser microresonator, 10 microwires with different lengths were studied ([Supplementary Fig. S6](#s1){ref-type="supplementary-material"}). For the PL spectra of FP-type resonance, the mode spacing Δ*λ*~m~ (between two adjacent resonance peaks) is given by where *L* is the round trip length within one microwire microresonator (a function of the length of microwire: *L* = 2*l*), *λ* is the wavelength of light, *n* is the phase refractive index, and d*n*/d*λ* is the dispersion relation[@b3]. A plot of 1/*L* of the microribbons versus the mode spacing Δ*λ*~m~ at 650 nm is shown in [Fig. 4d](#f4){ref-type="fig"}. The best-fit line (black line) is clearly linear, which confirms that the microribbon operates as FP-mode resonator along the length rather than the other dimensions of the microribbons. Furthermore, the simulation of two-dimensional (2D) electric field distribution along the cross section of sample microwires confirm that the FP-mode indeed exists along the length direction of the individual 1D-wire ([Fig. 4e](#f4){ref-type="fig"}, and [supplementrary Fig. S6e--g](#s1){ref-type="supplementary-material"}). As discussed above, the single 1D-MW provides both a gain medium and a FP-mode resonator for lasing, and so are means with which to realize compact organic photonic lasers.

2D microdisk WGM laser microresonator
-------------------------------------

[Figure 5a](#f5){ref-type="fig"} shows the dependence of PL spectra from a sample microdisk (*w*~1~ = 4.4 μm and *w*~2~ = 3.8 μm) at different pump densities, with onset lasing at 0.43 μJ/cm^2^. The right inset of [Fig. 5a](#f5){ref-type="fig"} shows the integrated area emission as a function of pump density. And the lasing threshold *E*~th~ = 0.43 μJ/cm^2^ is identified as the intersection between the sublinear (*p* = 0.49) and the superlinear (*p* = 2.47) regions. As we can observe, single-mode lasing obviously occurs when the pump density exceeds the pump density of 1.2 *E*~th~. Moreover, the *μ*-PL images of the selected 2D-MD were also recorded below and above the laser threshold, as shown in the [Fig. 5b and 5c](#f5){ref-type="fig"}, respectively. [Figure 5b](#f5){ref-type="fig"} shows brighter PL at the four edges of microdisk and weaker PL at the body of 2D-MD, which is a characteristic of 2D WGM optical microresonator. Meanwhile the strong laser emission spots occurs on the four edges of the microdisk when the excitation density exceeds the threshold *E*~th~ = 0.43 μJ/cm^2^, as shown in [Fig. 5c](#f5){ref-type="fig"}. It indicates that the microdisk can act as the efficient 2D microresonator, in which the light is totally reflected by the four lateral sides of the microdisk.

In order to further confirm the cavity mode in this 2D-MD microresonator, we calculated quality factor (*Q*) versus the wavelength (*λ*) of PL, as plotted in [Fig. 5e](#f5){ref-type="fig"}. It should be mentioned here that the *Q* factor is an important parameter to describe a laser cavity. The calculation results show that there exists only one high-*Q* mode (\~7500) in this sample 2D-MD microresonator. More importantly, it is consistent with the above-observed single-mode lasing within this 2D-MD in the experiment. Meanwhile [Figure 5d](#f5){ref-type="fig"} shows the simulation of 2D electric field distribution corresponding to this corresponding high-*Q* mode in this microdisk. And this electric distribution result indicates that the high-*Q* WGM exists in this 2D-MD resonator. As the light circulates inside the microdisk in the form of WG-like route as the inset of [Fig. 5e](#f5){ref-type="fig"} illustrates, the round trip length *L* within this 2D-MD resonator could be expressed as where *L* is the round trip length within one microdisk microresonator, *w*~1~ and *w*~2~ are the edge lengths of microdisk as denoted in the inset of [Fig. 5e](#f5){ref-type="fig"}. Based on these experiment results, we can have a conclusion that these self-assembled 2D-MDs exhibit the potential application for miniaturized WGM laser devices.

Size-effect of microstructures on the lasing behavior
-----------------------------------------------------

To explore the size-effect of resonators on the lasing performance, different sizes of 1D-MWs and 2D-MDs are investigated. In principle, the gain of lasing action is determined by the spatial spectra and the spectral overlap between the resonance of resonator and the gain material[@b32][@b45]. The resonance of resonator is regulated by the size of the resonator, which will determine the laser action of these self-assembled microresonators. As we can see from the above results about the lasing spectra of 1D-MWs, the microwires with larger length *l* has more resonance peaks on the lasing spectra ([Supplementary Fig. S6](#s1){ref-type="supplementary-material"}). In the case of the 2D-MDs, [Fig. 6a](#f6){ref-type="fig"} shows the four lasing spectra sequentially from top to bottom, obtained from the four sample 2D-MDs, whose SEM images are shown in [Fig. 6b--e](#f6){ref-type="fig"} respectively. Furthermore, [Figure 6f--i](#f6){ref-type="fig"} demonstrate the simulated electric distribution of these four microdisks. These calculation results all illustrate that the 2D-MDs can act as the efficient WGM optical resonators. For a 2D-MD cavity, the free spectral range, FSR (the spacing between the adjacent resonance peaks), is also given by (*λ*^2^/*L*) (*n*-*λ*(d*n*/d*λ*))^−1^, where *L* is the round trip length within the 2D-MD resonator (referring to [Equation 2](#m2){ref-type="disp-formula"}), *λ* is the wavelength of light, *n* is the phase refractive index, d*n*/d*λ* is the dispersion relation for the refractive index[@b3]. As for the same wavelength *λ,* the value of *λ*^2^(*n*-*λ*(d*n*/d*λ*))^−1^ keeps constant even the size of 2D-MDs varies. Thus, a plot of 1/*L* of the 2D-MDs versus the FSR around 650 nm is shown in [Fig. 6j](#f6){ref-type="fig"}. The best-fit line (black line) is clearly linear, which again confirms that the 2D-MDs indeed operate as the 4-WGM resonators. From the experiment, the *Q* factor could be obtained according to *Q* = *λ*/Δ*λ*, where *λ* is the wavelength and Δ*λ* is the line-width of the lasing peak. Moreover, the determined *Q*-factor is in the range of 1000 to 7000, which shows linear with the round trip length *L* within the 2D-MDs microresonators[@b46]. More significantly, as the size of microdisks varies from the first sample microdisk (*w*~1~ = 4.4 μm, *w*~2~ = 3.8 μm) to the second sample microdisk (*w*~1~ = 8.8 μm, *w*~2~ = 6.8 μm), the lasing performance varies from single-mode lasing behavior to multi-mode lasing behavior. This demonstrates that the size of 2D-MDs could also determine the single-mode lasing behavior or the multimode lasing behavior of these self-assembled 2D laser devices. Note that WGM is consisted of both TE and TM polarized modes. We find that for small-size 2D-disk, such as that in [Fig. 5](#f5){ref-type="fig"} with edge length *w*~1~ = 4.4 μm and edge length *w*~2~ = 3.8 μm, only TE polarized modes can be supported. In contrast, both TE and TM polarized modes can be supported in large-size 2D-disks. As a matter of fact, occasionally, the lasing spectra of large-size 2D-disks were found to show two different kinds of polarized peaks (TE-polarized mode and TM-polarized mode), which is consistent with the simulation results ([Supplementary Fig. S9](#s1){ref-type="supplementary-material"}). As the same with 1D-MWs, 2D-MDs with larger size can also hold more lasing resonance peaks. Furthermore, carefully comparing these four lasing spectra in [Fig. 6a](#f6){ref-type="fig"}, we can find that the central location of PL emission is 653.2 nm, 656.0 nm, 658.2 nm and 663.6 nm, which are obtained from the 2D-MDs of [Fig. 6b--e](#f6){ref-type="fig"} respectively. This phenomenon indicates that the size of 2D-MDs can modulate the central location of lasing wavelength.

Discussion
==========

The optical microcavtity-effects of the as-prepared 1D-MWs and 2D-MDs have been studied to investigate the shape-property relationship. The lasing characteristics of cavities of different shapes and sizes are dependent upon the optical field confinement and the corresponding field density and its overlap with the active medium, the evanescent components existing, the pumping field distribution and the temporal characteristics of the excitation and the resonator. Comparing the laser behaviours of the 1D-MWs in [Fig. 4](#f4){ref-type="fig"} and the 2D-MDs in [Fig. 5](#f5){ref-type="fig"}, we found that the shape of the resonators actually has the fundamental effect on the laser behaviours including the laser threshold *E*~th~, the quality factor *Q*, and so on. Among these behaviours, the lasing threshold *E*~th~ is the most important parameter, which determines the minimum energy to operate the laser device. Thus the plots of the laser threshold *E*~th~ versus the size of 1D-MWs and 2D-MDs are indicated in [Fig. 7a and 7b](#f7){ref-type="fig"}, respectively. It is found that both *E*~th~ increase with the decreasing size of resonators in these two kinds of microcrystals. Furthermore, for these two geometries, the calculated quality factor *Q* of microcrystals resonators increases with the increasing size of the corresponding microcrystals, as indicated in [Fig. 6k](#f6){ref-type="fig"} and [Fig. 7a](#f7){ref-type="fig"}. As is known to us, higher *Q* indicates a lower rate of energy loss relative to the stored energy of the resonator and the oscillations die out more slowly. It also means that high *Q* resonator can provide the effective platform with good light-confinement for the lasing oscillator.

For nine sample 1D-wires, the laser threshold *E*~th~ of 1D-MWs ranges from 980 to 2240 nJ/cm^2^, as shown in [Fig. 7a](#f7){ref-type="fig"}. And [Figure 7b](#f7){ref-type="fig"} indicates that the *E*~th~ of thirteen sample 2D-MDs spans from 400 to 890 nJ/cm^2^. Based on these experiment results, it is concluded that the 2D-MDs laser resonators have lower threshold *E*~th~ than that of 1D-MWs laser resonators. According to the COMSOL simulation results ([Fig. 4e](#f4){ref-type="fig"}), it demonstrates that the electromagnetic field distribution both exists within the 1D microwire resonator with a relatively low *Q* mode (*\~*400) and in the surroundings. Meanwhile, [Figure 5d](#f5){ref-type="fig"} shows that the electromagnetic field entirely distributes within the 2D-MD resonator with a high *Q* of \~7000. Thus we can conclude that the 2D-disks have better light confinement over the 1D-wires. What\'s more, that WGM light localization results in great field intensities of the round-trip wavelengths towards the circumference of the 2D-MD resonator, which is also confirmed by the simulated electric energy density results ([Supplementary Fig. S10](#s1){ref-type="supplementary-material"}). The 2D-WGM resonators have higher electric energy density than that of 1D-FP resonators. Thus, the better light-confinement and the greater field density would give rise to the lower threshold of 2D-MDs lasers. It should be mentioned here that the high laser threshold of 1D-wires also could be attributed with the low reflectivity of facets and the defects of these microwires. However, from the overall consideration, the shape-engineering of the organic microstructures definitely has the footprint on the laser performance of these miniaturized laser devices.

In summary, one-dimensional (1D) microwires (1D-MWs) and 2D microdisks (2D-MDs) of HDMAC have been selectively prepared by controlling the growth kinetic processes. 1D-MWs and 2D-MDs show strong photoluminescence emission and different optical confinement phenomena. More importantly, pumped by laser, 1D-MWs and 2D-MDs demonstrate different laser actions: single 1D-MW acts as FP-mode optical resonator while 2D-MD functions as WGM optical resonator. The shape and the size of self-assembled microresonators can indeed modulate and affect the performance of laser devices. These easily fabricated organic single-crystalline 1D-MWs and 2D-MDs can act as the laser sources, which offer potential applications as the integrated photonic components at micro/nanoscale.

Methods
=======

Materials
---------

The compound of 3-\[4-(dimethylamino)phenyl\]-1-(2-hy-droxyphenyl)prop-2-en-1-one (HDMAC) was purchased from Sigma-Aldrich and was used without further treatment. The solvent of ethanol (C~2~H~5~OH, HPLC grade), methanol (CH~3~OH, HPLC grade), isopropyl alcohol (*i*-C~3~H~7~OH, HPLC grade), dichloromethane (DCM, HPLC grade), chloroform (CH~3~Cl, HPLC grade), *n*-hexane (*n*-C~6~H~14~, HPLC grade), and carbon disulfide (CS~2~, HPLC grade) were purchased from Beijing Chemical Agent Ltd., China.

Preparation of single-crystalline HDMAC microstructures
-------------------------------------------------------

Microstructures of HDMAC were prepared using a facile drop-drying method. HDMAC was completely dissolved in the aprotic solvents (such as CH~2~Cl~2~, 2 mM) at room temperature. Then the solution was dropped onto the quartz substrate. Then the solvents evaporated and two dimensional (2D) microdisks were obtained. 1D microwires were obtained by using the protic solvents (such as C~2~H~5~OH, 2 mM).

Structure characterizations of as-prepared microstructures
----------------------------------------------------------

TEM images were obtained by a (JEM-1011, JEOL) transmission electron microscopy (TEM). One drop of the solution was dropped on a carbon-coated copper grid, and evaporated. TEM measurement was performed at room temperature at an accelerating voltage of 100 kV. The morphology and the size of microcrystals were also examined by field emission scanning electron microscopy (S-4800, Hitachi,) by dropping on a silicon wafer. The height of microstructures is examined by Atomic force microscopy (AFM, Santa Barbara, CA). The X-ray diffraction (XRD) patterns were measured by a D/max 2400 X-ray diffractometer with Cu Kα radiation (*λ* = 1.54050 Å) operated in the 2θ range from 5° to 30°, by using the samples on the silicon wafer.

Fluorescence microscopy images
------------------------------

Fluorescence images were recorded using an Olympus research inverted system microscope (FV1000-IX81, Tokyo, Japan) equipped with a charge couple device (CCD, Olympus DP71, Tokyo, Japan) camera. The excitation source is a Xenon lamp equipped with a band-pass filter (330--380 nm for UV-light, 460--490 nm for blue plight). The samples were prepared by placing a drop of solution onto a cleaned quartz slide.

Single-particle spectroscopy
----------------------------

Single microcrystal was investigated at room temperature in air by a home-made optical microscopy equipped with a 50 × 0.9 NA excitation objective. The second harmonic (400 nm, 150 fs, 1 kHz) of a regenerative amplifier (Spitfire, Spectra Physics) seeded with a mode-locked Ti:sapphire laser (Tsunami, Spectra Physics) was amplified to a 50-μm-diameter spot to excite the selected individual microcrystal. Then PL spectra were collected underneath by using a 50 × 0.9 NA objective that was mounted a 3D movable stage. A 420-nm long-wave pass dielectric filter was used to block any scattered excitation light. Finally the collected PL was coupled to an optical fiber and detected using a liquid-nitrogen-cooled CCD (SPEC-10-400B/LbN, Roper Scientific) attached to a polychromator (Spectropro-550i, Acton). The spectral resolution is 0.1 nm.

Density functional theory calculation
-------------------------------------

The Highest Occupied Molecular Orbital (HOMO) and the Lowest Unoccupied Molecular Orbital (LUMO) of HDMAC molecule were simulated with DFT calculation at the B3LYP/6-311G(d,p) level by Gauss 09 package.

Simulation of electric field distribution
-----------------------------------------

We calculated the electric field distribution of our HDMAC 1D microwires microresonator and 2D microdisks microresonator by using a finite element (FE) method (COMSOL). The microstructures are on the quartz substrate (*n*~quatz~ = 1.45). And the refractive index (*n*~HDMAC~) of HDMAC microcrystal is regarded as 1.8, which corresponds to the value at 650 nm.
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![Self-assembly of one organic molecule HDMAC into 1D microwires and 2D microdisks.\
(a) The predicted growth morphology of HDMAC molecules based on the attachment energies. (b) and (c) SEM images of as-prepared HDMAC 1D microwires and 2D microdisks, respectively. (d) and (e) Photoluminescence (PL) microscopy images of the as-prepared 1D microwires and 2D microdisks excited with UV band (330--380 nm) from a mercury lamp.](srep07011-f1){#f1}

![Selective adhesion to the (002) HDMAC crystal plane via hydrogen-bonding interaction.\
(a) The TEM image of one typical microwire. Inset: the SAED pattern of this selected microwire. (b) The TEM image of one typical microdisk. Inset: the SAED pattern of this corresponding microdisk. (c) The HDMAC molecular packing mode in microcrystal and schematic depiction for the mechanism of crystal growth.](srep07011-f2){#f2}

![The photophysical properties of the HDMAC microcrystals.\
(a) Absorption (blue line) and photoluminescence spectra (red line) of HDMAC microcrystals. (b) Photoluminescence decay, at room temperature, from the microcrystals, showing a lifetime of 1.12 ns. Right inset: The HOMO and the LUMO of HDMAC molecule simulated with DFT calculation.](srep07011-f3){#f3}

![FP-mode lasing from 1D microwires microresonators.\
(a) The *μ*-PL spectra of the individual microwire with the length *l* = 25.9 μm under different pump pulse energies at room temperature. Right inset: Integrated area emission as a function of pump density. The lasing threshold is identified as the intersection between the sublinear and superlinear regions. (b) and (c) The optical images of the individual 1D-MW below and above the lasing threshold. (d) The mode spacing Δ*λ*~m~ at 650 nm versus 1/*L* (*L*: the length of round trip within microwire microresonator), showing clearly a linear relationship. (e) Simulated 2D normalized electric field (*λ* = 650 nm, *n* = 1.80) in the cross section of microwire (*l* = 25.9 μm, *h* = 0.50 μm). Red corresponds to the highest field density and blue is the lowest field density.](srep07011-f4){#f4}

![WGM lasing based on 2D microdisks microresonators.\
(a) The spectra of the individual rectangular microdisk with edge length *w*~1~ = 4.4 μm and edge length *w*~2~ = 3.8 μm under different pump pulse energies at room temperature. Inset: integrated area emission as a function of pump density. The lasing threshold is identified as the intersection between the sublinear and superlinear regions. (b) and (c) The optical images of the 2D-MP below and above lasing threshold. (d) Simulated 2D normalized electric field (*λ* = 650 nm, *n* = 1.80) of microdisk (*w*~1~ = 4.4 μm, *w*~2~ = 3.8 μm). Red corresponds to the highest field density and blue is the lowest field density. (e) The calculated quality factor *Q* of this microdisk microresonator versus the wavelength of the emission range (from 640 nm to 670 nm). Inset: schematic picture of the light-path of WGM in 2D-MD microresonator.](srep07011-f5){#f5}

![Modulation of lasing performance (a) The lasing spectra for the four microdisks with different sizes. (b) -- (e) The SEM images of the four sample microdisks. The size of these microdisks are denoted with yellow arrow in their individual SEM image. (f) -- (i) Simulated 2D normalized electric field (*λ* = 650 nm, *n* = 1.80) in the plane of these four corresponding microdisks. Red corresponds to the highest field density and blue is the lowest field density. (j) The FSR at 650 nm versus 1/*L* (*L*: the length of round trip within 2D-MD resonator), showing clearly a linear relationship. (k) The quality factor *Q* from the 2D-MDs with different sizes show linear dependence of the round trip length *L* within 2D-MD microresonators.](srep07011-f6){#f6}

![Shape- and size-dependent laser characteristics.\
(a) The lasing threshold *E*~th~ for 1D-MWs microresonators (red squares), and the calculated quality factor *Q* (blue hollow squares) corresponding to these 1D wires microresonators. (b) The lasing threshold *E*~th~ for 2D-MDs microresonators (green squares). The average length is define as (*w*~1~ + *w*~2~)/2 for 2D-MDs.](srep07011-f7){#f7}
